Background: Measurement of human kallikrein 2 (hK2) has improved early detection and staging of prostate cancer. However, reported concentrations of hK2 among currently used assays have not been standardized in any way. We compared two hK2 assays and five different recombinant hK2 variants (rhK2) and suggest a common calibrator as an important step and putative reference substance in hK2 assay standardization. Methods: We measured 146 sera by two hK2 assays, using assay-specific calibrators to assess the difference between the two assays. Serial dilutions of five rhK2 preparations were measured repeatedly, with one preparation assigned as calibrator and the others as unknowns to define which variant provided the closest match between the two assays. This rhK2 variant was used to recalibrate both assays. We measured hK2 concentrations in the same 146 patients to evaluate the change in the difference. 
suggesting an increase in the mean estimate of agreement between the two assays. Conclusion: Calibration with a common calibrator substantially increased agreement between the assays. The ek-rhK2 variant provided the best performance of all tested rhK2 variants and should undergo mass spectrometry and amino acid analysis for exact mass determination and value assignment to evaluate its potential as a reference material for immunoassays for hK2.
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Human glandular kallikrein 2 (hK2) 6 is a prostatic secretory protein (1 ) expressing 80% identity in amino acid (2 ) sequence to prostate-specific antigen (PSA). The physiologic link of hK2 to PSA may be its ability to cleave the propeptide of inactive pro-PSA, thus converting it into its mature active form (3, 4 ) . Both hK2 and PSA are expressed under androgen control (5 ) . Despite their similar origins, important differences exist between these proteins. Immunohistochemical studies demonstrated different tissue expression of hK2 and PSA. PSA is more intensively expressed in benign prostatic hyperplasia (BPH) than in prostate cancer (PCa). In PCa, expression is higher in low-compared with high-grade tumors. By contrast, the most intense staining of hK2 appears in high-grade PCa and lymph node metastases compared with low-grade PCa and is weaker still in BPH (6, 7 ) .
Similar to PSA (8 -10 ) , hK2 forms complexes with antiproteases in seminal plasma (11 ) and blood (12 ) , but hK2 concentrations are only as high as 1-2% of PSA concentrations in blood (13) (14) (15) (16) . Gel-filtration data show that 80 -95% of detectable hK2 in blood occurs as free, noncomplexed 30-kDa forms (13, 16, 17 ) , which may in part consist of catalytically inactive pro-hK2 (18 ) . Five to 20% of hK2 is 90 kDa in size, which corresponds to the size predicted for hK2 complexed to antiproteases (12 ) . The correlation coefficient of hK2 and PSA concentrations in serum is usually Ͻ0.6, suggesting that hK2 might provide clinical information additional to and independent of that provided by PSA. Because of the low concentration of hK2 and its homology to PSA, considerable effort has been necessary to develop immunoassays for specific and sensitive hK2 detection (13) (14) (15) (16) (17) (18) (19) (20) . Most of this work has been performed by groups from the US, Canada, and Scandinavia. Table 1 is a review of key studies on the development and clinical application of such assays.
Despite encouraging results for early detection and improved staging of clinically localized PCa, a major concern is the difference in reported serum concentrations of hK2. Klee et al. (19 ) , who measured free hK2, and Black et al. (17 ) reported median hK2 concentrations of 0.026 vs 0.402 g/L in healthy males. Nam et al. (20 ) , using the assay described by Black et al. (17 ) , observed a median hK2 concentration of 1.180 g/L in clinically localized PCa, whereas the median value obtained Becker et al. (21 ) in the same scenario was only 0.079 g/L. Finally, Partin et al. (22 ) and Kwiatkowski et al. (23 ) analyzed the PSA diagnostic gray zone (4 -10 g/L) to discriminate between PCa and BPH. Whereas Partin et al. (22 ) found identical median concentrations of hK2 (0.081 g/L) for BPH vs PCa, Kwiatkowski et al. (23 ) found a highly significant difference of 0.090 vs 0.135 g/L.
A major improvement in the utility of PSA was the establishment of a standard PSA preparation as a common calibrator. Substitution of manufacturer-specific by the common calibrator reduced differences between nine commercial immunoassays, and this preparation has been issued by the WHO as an official standard for PSA (24 ) .
In contrast to the number of PSA assays at the time of standardization, we currently have only a limited number of hK2 assays. The time therefore seems favorable to standardize the two major hK2 immunoassays. A standardized hK2 assay will not only improve the comparability of different studies, but may also shed more light on the sometimes conflicting performance of hK2 as a PCa marker. Possibly hK2 can provide information that PSA fails to deliver, e.g., improved prediction of organconfined cancer (25) (26) (27) or improved specificity in the early detection of PCa (21, 28 ) .
In this study we assessed the differences in values measured by the two immunoassays for hK2 for identical patient samples and provide evidence for the usefulness of a reference reagent to serve as potential standard for detection of hK2 in serum. (29 ) . The stock concentration was 8746 g/L.
Materials and Methods purified recombinant hK2 variants
As with HWT-rhK2, value assignment was done by mass spectrometry and amino acid analysis (15 ) .
Other rhK2 variants were provided by Ville Vaisanen (University of Turku, Turku, Finland):
(c) A recombinant proform of hK2 with a propeptide mutation in five of seven amino acids with increased stability and reduced activity that, because of the mutation, can be activated by enterokinase (ek-rhK2). The recombinant hK2 forms were generated using specific cell lines described by Lö vgren et al. (30 ) . The supernatants of the cell lines were purified and separated into stock solutions. The concentration of ek-rhK2 was determined by a PSA immunoassay that, to our knowledge, should fully cross-react with all known total, free, and pro-hK2 forms. The stock concentration was 10074 g/L. (d) A recombinant pro-hK2 with a propeptide mutation at two of seven amino acids that can be activated by factor Xa (Xa-rhK2), in a concentration of 4306 g/L determined by immunoassay as described for the ek-rhK2 variant. (e) A recombinant, mature, one-chain wild-type hK2 variant (TWT-rhK2) with a concentration of 851.5 g/L. Like the ek-rhK2 and Xa-rhK2, the concentration was determined by immunoassay as described.
hybritech total hK2 assay Reagents were obtained from Beckman Coulter manufacturing and modified to run the assay similar to the microplate assay described earlier (15 ) . The reagents were as follows: reagent packs containing mouse monoclonal anti-hK2 alkaline phosphatase conjugate, paramagnetic beads with streptavidin coating, a biotinylated tracer mouse anti-total hK2 (thK2) MAb, calibrators for a fivepoint calibration curve ranging from 0.00 to 3 g/L, quality controls, substrate, wash buffer, and reaction vessels. The Hybritech Access ® thK2 assay is for research use only and not for use in diagnostic procedures. It is a two-site immunoenzymatic sandwich assay using a MAb/MAb antibody combination described earlier (15 ) and is performed on the automated Beckman Access system. The calibrator is the Hybritech wild-type rhK2 mentioned above. Initially, 50 L of sample or control is pipetted into a reaction vessel with mouse monoclonal anti-thK2 alkaline phosphatase conjugate, paramagnetic particles coated with streptavidin, and a second, biotinylated mouse anti-thK2 MAb. The hK2 binds to the immobilized MAb in the solid phase; at the same time, the monoclonal anti-thK2 alkaline phosphatase conjugate reacts with a different epitope on the sample hK2. Subsequently, a magnetic field and washing remove unbound reactant. The chemiluminescent substrate is added, and the light generated, proportional to the concentration of thK2 in the sample, is measured by a luminometer. The result is provided as relative light units (RLU). In this study, we established the calibration curve and thK2 concentration in the samples with use of Biograph Software, VS 2.0 (Biotek Instruments). In accordance with the routine measurement of hK2 with the Access assay, we used a point-to-point calibration curve. The Hybritech assay has a lower detection limit of 0.008 g/L, and the cross-reactivity to PSA is Ͻ0.001%. The assay detects several hK2-serpin complexes, e.g., protease inhibitor 6, protein C inhibitor, ␣ 1 -antichymotrypsin, or plasminogen activator inhibitor type I, as reported by Finlay et al. (15 ) . The reported mean CV for the assay when operated as a manual assay using pooled serum samples with concentrations between 0.032 and 0.064 g/L was 13% (15 ) . With the automated device in this study, we analyzed two serum pools with mean hK2 concentrations of 0.088 (low) and 0.291 g/L (high). Using one lot of reagents, we assayed 24 samples over 6 days; the between-run precision analysis revealed a SD of 0.007 g/L and a CV of 8.5% for the low pool and a SD of 0.038 g/L and a CV of 12% for the high pool.
time-resolved fluorometric assay
Ville Vaisanen (University of Turku, Turku, Finland) provided high-capacity streptavidin-coated microtiter wells, buffer, wash concentrate, enhancement solution, and the following MAb solutions: (a) a solution containing biotinylated capture MAb 6H10, which recognizes thK2, free hK2, and hK2-serpins; (b) a solution containing blocking MAbs 2E9, 5F7, and 5H6; and (c) a solution containing europium-labeled detection MAb 7G1 and calibrators for a seven-point calibration curve ranging from 0.00 to 4.6 g/L. The TRF immunoassay for thK2 detection (13, 16 ) is a three-step manual assay using a combination of PSA-specific blocking and hK2-specific capture and detection MAbs. The calibrator is the Xa-rhK2 mutant mentioned above. Initially, 200 L of a 300 g/L dilution of biotinylated capture MAb 6H10 is pipetted into a highcapacity streptavidin-coated microtiter well. After a 1-h incubation and washing, 125 L of a solution containing 1000 ng of PSA-blocking MAbs 2E9 and 5F7 and 500 ng of PSA-blocking MAb 5H6, and 75 L of calibrator, control, or sample are added and incubated for 2 h, followed by a second washing step. In the third step, 200 L of a solution containing 100 ng of europium-labeled tracer MAb 7G1-Eu plus 500 ng of blocking MAb 5H6 is added and incubated for 30 min. A last washing step removes unbound reactant. After a 5-min incubation with 200 L of enhancement solution, the resulting emission, proporClinical Chemistry 49, No. 4, 2003 tional to the concentration of hK2 in the sample, is measured as cps using the Victor 2 (Wallac Oy) multilabel counter in the time-resolved immunofluorometric mode. Biograph Software, VS 2.0, was used to generate point-topoint calibration curves and to calculate the concentrations of samples. The TRF assay has a cross-reactivity with PSA of Ͻ0.01%. By diluting high-hK2 male sera into hK2-negative serum (10 replicates per dilution), we determined an analytical sensitivity of 0.0003 g/L and a functional sensitivity of 0.004 g/L. Analytical sensitivity was defined as ϩ2 SD of the zero calibrator, and functional sensitivity was defined as the lowest concentration at which the CV was Ͻ20%. Between-assay variation (CVs) at hK2 concentrations (18 replicates each) of 0.03, 0.1, and 0.5 g/L was 10%, 7%, and 11%, respectively. In this study, we analyzed two serum pools with mean hK2 concentrations of 0.069 (low) and 0.253 g/L (high). Using one lot of reagents, we assayed 24 samples over 6 days; between-run precision analyses revealed a SD of 0.01 g/L and a CV of 14% for the low pool and a SD of 0.024 g/L and a CV of 9.4% for the high pool.
serum samples
We obtained 237 serum samples stored at Ϫ70°C. Of these, 228 were from patients with clinically localized PCa scheduled for curative treatment, and 9 were from patients negative for PCa on prostate biopsy. All sera were obtained according to Institutional Review Board approval. Sera were drawn before prostatic manipulation. Patients undergoing antihormonal manipulation were not included. All samples were measured in triplicate.
calibrator crossover study
We measured the seven-point calibrator of the TRF assay on the Hybritech assay and the five-point calibrator of the Hybritech assay on the TRF assay to assess observed vs expected concentrations of calibrator hK2 in either assay. All samples were measured in triplicate. Because results obtained at higher concentrations are likely to be more accurate, we excluded all concentrations Յ0.01 g/L in the Hybritech assay and Յ0.0029 g/L in the TRF assay to calculate the ratio.
measurement of the five different rhK2 variant calibrators by both assays
For each of the recombinant hK2 variants (TWT-rhK2, Xa-rhK2, ek-rhK2, Ala-rhK2, and HWT-rhK2), we prepared serial dilutions (0, 0.01, 0.1, 1.0, 3.0, and 10.0 g/L) using the stock solutions and assay buffer. The buffer consisted of 50 mmol/L Tris-HCl buffer (pH 7.75) containing 9 g/L NaCl, 0.5 g/L NaN 3 , 0.1 mL/L Tween 40, 0.5 g/L bovine ␥-globulin, 20 mol/L diethylenetriamine pentaacetate, and 15 g/L bovine serum albumin. The dilutions were analyzed in both assays on 4 consecutive days in triplicate, yielding 12 measurements of each of the six concentrations of five different hK2 forms for each assay. Mean RLU and cps were calculated for the 12 measurements to represent calibrator or unknown samples. Subsequently, one hK2 variant (e.g., TWT-rhK2) was assigned as calibrator, and the others (Xa-rhK2, ek-rhK2, Ala-rhK2, HWT-rhK2) were assigned as unknowns. On the basis of their cps or RLU, we obtained the hK2 concentration of the unknown samples. The second variant (e.g., Xa-rhK2) was then used as calibrator and the variants TWT-rhK2, ek-rhK2, Ala-rhK2, and HWT-rhK2 were used as unknowns to obtain the hK2 concentrations when Xa-rhK2 was assigned to be calibrator. This procedure was repeated for all hK2 variants.
To identify the rhK2 variant that provided the smallest difference between the two assays, we calculated the ratio (as a percentage) between the hK2 concentrations obtained with both assays and performed Deming regression analysis. High and low (10.0, 0.00, and 0.01 g/L) concentrations of the samples were excluded because the response of the samples in some cases was above or below that of the calibrators. Moreover, hK2 concentrations Ն10 g/L seldom occur in clinical practice.
evaluation of patient sera using different calibrators
We measured the 237 described patient samples, using the assay-specific and common, ek-rhK2-based calibrator at concentrations of 0.00, 0.01, 0.1, 1.0, 3.0, and 10.0 g/L. The ek-rhK2 calibrator was chosen to complement the standard calibrators because of the results of the previous evaluation of the five rhK2 variants and because it has a reported higher degree of stability than does the Xa-rhK2 variant (30 ) . hK2 values Ͻ0.02 g/L were excluded, yielding 146 evaluable patients. We compared the correlation of hK2 values measured by each assay with its specific calibrator vs those obtained with the ek-rhK2 calibrator. Again, Deming regression was applied.
subset evaluation of patient samples
We aimed to describe the performance when the ek-rhK2 was used as a common calibrator compared with the performance of the assays when both the TRF and Hybritech assay were simultaneously calibrated with either the TRF calibrator (Xa-rhK2) or the Hybritech calibrator (HWT calibrator). For this purpose, a subset (148 of 237) patient samples were analyzed in parallel, with ek-rhK2 calibrator, the standard TRF, and Hybritech calibrators as unknowns to be used as calibrators in the subsequent evaluation of the patients. We calculated the hK2 concentration in the samples and controls based on the calibration curve obtained with the Hybritech calibrators, TRF calibrators, and ek-rhK2 calibrators when entered into Biograph software. This produced a total of three hK2 concentrations for each sample per assay. As previously, we excluded all patients with a thK2 concentration Ͻ0.02 g/L for any of the six possible results, which produced a total of 80 evaluable patients. Deming regression analysis assessed the correlation of the 80 values for the following combinations: Table 2 .
measurement of the five different hK2 variant calibrators in both assays
Although all hK2 variants were diluted to the same concentrations, considerable variation was observed in response. The ek-rhK2 variant delivered the strongest response on the Hybritech and TRF assays. By contrast, the weakest signal was seen for the Turku wild-type rhK2 (TWT). These differences in signal intensity translated into higher or lower concentrations than expected. With respect to the ratio of the Hybritech to the TRF concentration of hK2 when ek-rhK2 was used for calibration, the mean ratio was 96%. The Deming regression equation was (values in parentheses are the 95% confidence interval): y ϭ 0.949 (0.820 -1.078)x Ϫ 0.001 (Ϫ0.064 to 0.041) g/L (R 2 ϭ 0.978), where x is the hK2 concentration measured by the Hybritech assay, and y is that measured by the TRF assay.
When Xa-rhK2 was assigned as calibrator, we obtained a regression equation of y ϭ 1.042 (0.894 -1.191)x Ϫ 0.041 (Ϫ0.126 to 0.045) g/L (R 2 ϭ 0.977) and a mean ratio of 98%, which suggested a performance comparable to that of the ek-rhK2 calibrator. When TWT was used as calibrator, the mean ratio was 126%, as reflected in the regression equation of: y ϭ 1.350 (1.228 -1.471)x Ϫ 0.097 (Ϫ0.221 to 0.026) g/L; R 2 ϭ 0.988. The Hybritech wild type and alanine-mutated variant as calibrators gave values between those extremes, both in terms of the mean Hybritech:TRF ratio and their regression slopes. In contrast to the difference in the regression slope across the five calibrators, R 2 was similar in all cases. Complete data are shown in Table 3 .
evaluation of patient sera using different calibrators
The means, medians, and ranges for the hK2 concentrations obtained with the different calibrators are given in Table 4 . In the total (n ϭ 146) and subset (n ϭ 80) analyses, for both the TRF and Hybritech assays, the lowest hK2 concentrations were obtained when the ek-rhK2 calibrator was used. The TRF-and Hybritech-specific calibrators provided the second highest and the highest hK2 values, respectively. Panels A and B in Fig. 1 evaluation of patient sample subsets Shown in Fig. 2 are the regression plots for 80 patients when each of the four possible assay-calibrator combinations was used. When each assay was calibrated with its own calibrator ( Fig. 2A) , we obtained a regression equation of: y ϭ 0.908 (0.656 -1.161)x ϩ 0.012 (Ϫ0.004 to 0.029) g/L; R 2 ϭ 0.506. When both assays were calibrated using either the Hybritech or TRF calibrator, the regression equations were: y ϭ1.502 (1.086 -1.918)x Ϫ 0.003 (Ϫ0.027 to 0.021) g/L (R 2 ϭ 0.504; Fig. 2B ) and y ‫؍‬ 1.981 (1.490 -2.472); Ϫ 0.001 (Ϫ0.037 to 0.034) g/L (R 2 ϭ 0.516; Fig. 2C ), respectively. The use of the ek-rhK2 (Fig. 2D ) yielded a regression equation of: y ϭ 1.074 (0.746 -1.401)x ϩ 0.063 (Ϫ0.003 to 0.016) g/L (R 2 ϭ 0.544), confirming the improvement in slope noted previously.
Discussion
Standardization of an analytical procedure should produce an improvement in agreement of reported concentrations obtained with different devices and be as close to the real value as possible. Clinical applicability and spread for a specific test are closely linked to the compa- rability of reported results. The application of a common calibrator for PSA consisting of 90% ␣ 1 -antichymotrypsin-PSA and 10% free PSA is an example of a common calibrator for a tumor marker in the urologic specialty (24 ) . hK2 has been described in several reports to complement PSA detection for improvement in specificity and identification of high-risk groups within certain PSA ranges for early detection of PCa (21) (22) (23) 28 ) . Other studies reported on improved differentiation of pathologically non-organ-confined from organ-confined cancer (26, 27 ) or aggressive grade 3 from less aggressive grade 1 and 2 cancers (25 ) . It is important to note that a consistent improvement in the research assays used for clinical studies has taken place, including assay precision, lower detection limits, and cross-reactivity to PSA. In addition, these studies were analyzing samples with clinically relevant PSA concentrations of 3 g/L and above. Both early detection and staging of PCa lack predictive accuracy if only PSA is used. In these studies (21) (22) (23) (25) (26) (27) , it was shown that hK2 can be detected reliably. In the present study, the most recent hK2 assays were used. Both assays had good reproducibility (CV Ͻ15%) at hK2 concentrations as low as 0.03 g/L. Even if the assays could have reliably measured lower hK2 concentrations, values Ͻ0.02 g/L were removed from analysis to eliminate any variation caused by sensitivity problems.
One major concern is the reported differences in hK2 
a For the TRF and Hybritech assays, calculated hK2 concentration (g/L) for each rhK2 variant is given when one variant serves as calibrator. b ek, ek-rhK2; Xa, Xa-rhK2; TWT, TWT-rhK2; HWT, hWT-rhK2; ALA, Ala-rhK2. concentrations (Table 1) . As a consequence, the Diamandis group in Toronto has modified the calibration of their hK2 assay to provide results comparable to the assay reported (15 ), the Hybritech Access thK2 assay of our study, which is for research use and not for use in diagnostic procedures. Several explanations for the reported differences in hK2 concentrations may be assumed. Differences in epitope recognition and epitope specificity by various antibodies could contribute, as could different assay designs, e.g., a combination of two hK2-specific MAbs as reported by Klee et al. (19 ) and Finlay and coworkers (14, 15 ) compared with a scavenger hK2 assay with excessive blocking of all PSA forms to prevent their further reaction, as reported by Piironen et al. (13 ) and Becker et al. (16 ) . Likewise, all assays use recombinant hK2, which might differ from the hK2 in plasma or serum. Finally, various free hK2 forms potentially exist (analogous to PSA pro variants, cleaved and noncleaved variants), which are likely to be detected differently by different antibodies. Moreover they might also occur in different concentrations in benign vs malignant prostatic disease.
In this study, we were able to analyze the two most cited hK2 assays for the first time on an identical set of patients. In our study, evaluation using Deming regression analysis of patient samples revealed a difference of 21% (Fig. 1A) and therefore does provide sufficient rationale for standardization efforts. Deming regression analysis of the results obtained for the same samples with the ek-rhK2 calibrator reveals an improved agreement in the obtained values as observed by an increase in the regression slope. Because of the higher signal intensity of the ek-rhK2 calibrator, however, we observed a decrease in the obtained values compared with the values obtained with the assay-specific calibrators. Because of the lower signal intensity of the Hybritech wild-type rhK2 variant, the usual calibrator in the Hybritech assay, compared with the Xa-rhK2 variant, which is the usual calibrator in the TRF assay, the effect of decreased concentrations measured with use of the common ek-rhK2 calibrator is more profound with the Hybritech than with the TRF assay results.
Subset analysis of 80 evaluable patient samples, using three different calibrator substances as common standards reveals an important result: Use of the three common calibrators (the ek-rhK2 calibrator; the Xa-rhK2 calibrator, which is the usual calibrator in the TRF assay; or the Hybritech wild-type rhK2, which is the usual calibrator in the Hybritech assay) leads to an increase in the slope of the regression curve in all cases. However, most notably the Hybritech wild-type variant produces an overestimation of the obtained values. The regression slope obtained with the Xa-rhK2 calibrator is closer to the optimum. However, the closest match was seen with the ek-rhK2 calibrator. This observation in the clinical sample material coincides with the almost equally good performance of both the ek-rhK2 and Xa-rhK2 variants over the other variants noted in the analysis of the five available rhK2 variants shown in Table 3 . One explanation for the differences in response of different hK2 variants could be the hK2 concentration assigned to each calibrator. If the original concentration of a calibrator is overestimated, samples will show a falsely high concentration, whereas if the calibrator concentration is underestimated, samples will present falsely low concentrations. Although the methods used to determine the calibrator concentrations are not as accurate as possible (especially immunoassay determination for ek-rhK2, Xa-rhK2, and TWT-rhK2), it is highly unlikely that value assignment would have been so unsuccessful as to produce a Ͼ50% difference in signal intensity between two hK2 variants that were valueassigned simultaneously. Moreover, when the same cali- brator is used for both assays, value assignment becomes insignificant. Although the determined concentration may not be accurate, the crucial difference between assays is not altered. Although the common calibrator does consistently improve the slope of the regression curve, which reflects the mean estimate of agreement, we did not observe a comparable increase in the dispersion of single values around such an estimate. We believe that a major reason for this observation is the variety of potentially different hK2 variants in patient serum: Deducting from the nature of free PSA isoforms in serum (31) (32) (33) (34) , such free hK2 forms may include pro-hK2 variants, potentially internally cleaved hK2 variants, and hK2 variants with an intact amino acid chain. Because in contrast to PSA, the majority of hK2 in serum, ϳ80 -95%, occurs in its free form, a much larger proportion of potentially different hK2 variants may cause the consistent degree of dispersion of single values despite an increase in the mean estimate of agreement. This is in line with the results obtained from the measurement of the five different hK2 variants (Table 3) : If there is only a single hK2 variant in the sample, both the slope and R 2 of the regression analysis are significantly better that in patient serum. This suggests that a degree of hK2 variability in serum contributes to the scatter of values.
Preanalytical conditions, including sample handling, storage, and rapid processing, have been shown to affect the free fraction of PSA in serum. With the much lower concentrations of hK2, which as stated is a dominantly free serum protein, these considerations may be even more important.
Potentially, imprecision of hK2 detection, specifically in the low range, might contribute to the dispersion of single values around the regression line. The results of our precision analysis as well as our exclusion of values that for either assay-calibrator combination read Ͻ0.02 g/L, however, should decrease the likelihood that imprecision alone is responsible for the observed scatter of values. Additionally, assay imprecision would be more pronounced with low hK2 concentrations, but the dispersion of values seen in our material was equal in all concentration ranges.
Two major points with regard to suggesting a reference material need to be addressed. The first is that the standardization of PSA uses a mixture of free and complexed PSA. With hK2, this would be the best approach as well, but at present, too little is known about the free hK2 variants in serum, their composition, and possibly their variability according to disease status. In addition, PSA occurs in a quite steady free/complex ratio, whereas hK2 molecular forms might demonstrate a much larger variation. Therefore, at this point we cannot suggest a mixture of different hK2 variants to serve as a common calibrator. With emerging knowledge, however, this may be a potential aim for future improvement.
The second point is that a more complete characterization, in addition to the initial report (30 ) , of the ek-rhK2 variant by mass spectroscopy and/or amino acid analysis needs to be done. This way, the calibrator values would be based on substance concentrations (moles). The exact mass units of the calibrator substance can be calculated on the basis of the molar content and molecular weight determined by mass spectrometry. Serial dilutions of this calibrator may subsequently be used to test the performance of the common ek-rhK2 based calibrator in a multi-institutional trial.
In conclusion, differences in the detection of hK2 in identical patient sera are significant and warrant standardization of the assays. Of the five recombinant hK2 variants tested, including the assay-specific Xa-rhK2 and Hybritech wild-type hK2 variants, the ek-rhK2 variant provided the closest match between the two assays. Calibration of the two assays by use of a common, ek-rhK2-based calibrator revealed a substantial gain in agreement between the assays. These results suggest that this variant should undergo further characterization by mass spectroscopy and amino acid analysis for exact mass determination and value assignment to evaluate its potential as a reference material for immunoassays for hK2.
